Synthesis, characterization and magnetic study of two new octahedral iron(III) complexes with pendant zwitterionic Schiff bases, Inorganica Chimica Acta (2016), doi: http://dx.doi.org/10. 1016/j.ica.2016.09.005 This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain. analyses. Single crystal X-ray diffraction studies confirm their structures. In both complexes, Schiff bases are trapped in their zwitterionic forms and coordinated to iron(III) only through the imine nitrogen and phenoxo oxygen, i.e., they behave as bi-dentate ligands, keeping the remaining potential donor sites pendant. The measurement of χ M vs. T for both complexes shows 2 a continuous increase in susceptibility as the temperature decreases. The χ M ·T values from 300 to 2 K and the shape of these curves for both complexes discard the existence of a high-spin/lowspin transition. The decrease in χ M ·T of 1 with temperature is more pronounced than that expected for a complex with a small zero-field splitting. The magnetic behavior of 1 is explained by proposing the existence of a physical mixture of S = 5/2 and S = 1/2 spins and the presence of zero-field splitting in the S = 5/2 species.
Introduction
The rational design and construction of iron(III) Schiff base complexes have attracted extensive interest due to their structural diversity and potential applications in molecular magnetism as an important class of spin crossover (SCO) systems because of the possibility of the co-existence of two different magnetic states under the same conditions [1, 2] . The phenomenon of spin cross-over is induced by external perturbations, such as pH, temperature, pressure, light irradiation, etc. [3] [4] [5] [6] [7] . The iron(III) sites in some heme proteins also reported to exhibit SCO behavior, which plays a key role in their biological functions [8] [9] [10] .
Several iron(III) complexes of various geometry have been prepared using different chelating ligands [11] [12] [13] , of which Schiff bases are special choices for the easy routes of their synthesis, the wide range of their stability and their very good complexing ability [14] [15] [16] [17] [18] [19] .
Among them, H 2 salen type tetradentate Schiff bases, prepared by 1:2 condensations of any diamines with salicylaldehyde derivatives, are, of course, receiving the most attention [20] [21] [22] [23] [24] . In the octahedral iron(III)-salen complexes with other co-ligands, two different arrangements of four donor atoms around the iron(III) is found; one in which the donors occupy the four equatorial positions [25] [26] [27] [28] [29] the other in which one oxygen is displaced from the equatorial plane, occupying an axial position of the coordination polyhedron [30] [31] [32] [33] . Variable temperature magnetic susceptibility measurements identified the presence of SCO points in some of the complexes [34, 35] . On the other hand, N 2 O donor Schiff bases, prepared by 1:1 condensation of any N-substituted diamine with suitable salicylaldehyde derivative have also been used to prepare various iron(III) complexes [36] [37] [38] [39] [40] [41] [42] [43] [44] of which mononuclear octahedral bis-ligand complexes constitute a unique class, as most of them show SCO behavior [36] [37] [38] [39] .
In the present work, we have used two potential tridentate Schiff bases to synthesize two similar mononuclear octahedral iron(III) complexes, in which the zwiterionic forms of two 
Experimental Section

Materials and physical measurements
All chemicals were of reagent grade and used as purchased from Sigma-Aldrich without further purification.
Elemental analyses (carbon, hydrogen and nitrogen) were carried out using a PerkinElmer 2400 II elemental analyzer. IR spectra in KBr (4000−400 cm -1 ) were recorded using a PerkinElmer Spectrum Two Fourier transform infrared (FTIR) spectrophotometer. The UV−visible spectra were recorded on a PerkinElmer lambda 35 spectrophotometer at 298 K in acetonitrile.
The variable-temperature magnetization data were acquired on polycrystalline samples obtained from crushed crystals with a Quantum Design MPMSXL SQUID (Superconducting Quantum Interference Device) magnetometer over a temperature range of 2 to 300 K at the constant field of 1 T and 0.1 T. Each raw data set was corrected for the diamagnetic contribution of both the sample holder and the complex to the susceptibility. The molar diamagnetic corrections were calculated on the basis of Pascal constants [45] [46] [47] [48] . Magnetization measurements at 2 K from -5 T to 5 T were carried out to check the existence of cooperative phenomena. ).
CAUTION!!!
X-ray crystallography
The structural analysis of complex 1 was performed on an Agilent SuperNova diffractometer with Atlas detector using mirror-monochromatized Mo-Kα (λ = 0.71073 Å) radiation at 173 K. CrysAlis PRO program was used for data collection and processing [49] . The intensities were corrected for absorption using the built-in absorption correction method [50] .
The structure was solved with the program Superflip [51] and refined by full-matrix least squares on F 2 using the WinGX [52] software equipped with SHELXL-2014 [53] . The perchlorate anion was found to be disordered over two positions. The oxygen atoms of perchlorate anion were kept as isotropic model. All other non-hydrogen atoms were refined with anisotropic thermal parameters. All hydrogen atoms were calculated to their optimal positions and treated as riding atoms using isotropic displacement parameters 1.2 larger than the respective host atoms.
Single crystals of the complex 2, having suitable dimensions, were used for data collection using a 'Bruker SMART APEX II' diffractometer equipped with graphitemonochromated Mo-Kα radiation (λ = 0.71073 Å) at 273 K. The molecular structure was solved by direct methods and refinement by full-matrix least squares on F 2 using the SHELX-2014
package [53] . Non-hydrogen atoms were refined with anisotropic thermal parameters. Hydrogen atoms were placed in their geometrically idealized positions and constrained to ride on their parent atoms. Multi-scan empirical absorption corrections were applied to the data using the program SADABS [54] . A summary of the crystallographic data are given in Table 1 . CCDC reference numbers are 1406301 and 1406302 for 1 and 2 respectively.
Hirshfeld surface analysis
Hirshfeld surfaces [55] [56] [57] and the associated two dimensional fingerprint [58] [59] [60] plots were calculated using Crystal Explorer [61] , with bond lengths to hydrogen atoms set to standard values [62] . For each point on the Hirshfeld isosurface, two distances d e , the distance from the point to the nearest nucleus external to the surface and d i , the distance to the nearest nucleus crystal structure and set of spherical atomic electron densities, the Hirshfeld surface is unique [63] and provides additional insight into intermolecular interactions in molecular crystals.
Results and discussion
Synthesis
In the present work, we have used two Schiff bases (HL Table 4 . One interesting observation in the crystal structure of complex 1 is that the bromine atom of the Schiff base shows close contact (3.619(1) Å) with a symmetry related (-x,y,1/2-z) bromine atom from a nearest neighbor. The distance is less than the sum (3.8 Å) of their van der Wall radii. Although the Br⋅⋅⋅Br interaction is not very common, examples of this type of interactions could be found in literature [64] . The Br⋅⋅⋅Br interaction in complex 1 creates a one-dimensional chain along crystallographic a axis, as shown in Figure 4 .
[Fe(HL 2 ) 2 (NCS) 2 ]ClO 4 ⋅H 2 O (2)
Complex 2 crystallizes in the orthorhombic space group Pnma. A perspective view of complex 2 with selective atom numbering scheme is shown in Figure 5 Table 4 .
IR and electronic spectra
In the IR spectra of both complexes, distinct bands due to azomethine (C=N) groups are routinely observed around 1615 cm -1 [65] . Complexes 1 and 2 show strong bands respectively at 2045 and 2061 cm -1 due to the presence of monodentate azide and thiocyanate [65] . Both complexes show broad bands around 1090 cm -1 due to the presence of perchlorate anion [65] .
The broad bands around 3400 cm -1 indicate the presence of solvent water molecules in both complexes [66] .
Electronic spectra of both complexes were recorded in acetonitrile in the range of 200-800 nm. The intense absorption bands at short wavelengths (220 nm for 1 and 212 nm for 2), are attributed to π-π* transitions of the ligand and the absorption band around 250 nm (240 nm for 1 and 265 nm for 2), may be assigned as n-π* transitions [43] . The spectra show a band in the visible region (505 nm for 1 and 437 nm for 2) assigned to azide/thiocyanate-to-iron(III) charge transfer (CT). Moreover a moderately strong band (324 nm for 1 and 342 nm for 2) is a superposition of the amino-to-iron(III) and oxygen to iron(III) CT band [67, 68] .
Magnetic properties
Magnetic susceptibilities of complexes 1 and 2 have been measured over the temperature range 2-300K both at 1 T and at 0.1 T. The differences found between the measurements with both fields are not significant. The magnetic data of both complexes are similar. The plot of the magnetic susceptibility vs. temperature of complexes 1 and 2 shows a continuous increase in susceptibility as the temperature decreases, typical of paramagnetic complexes (Figures 7 and 8 ).
The magnetic moment at room temperature of 1 and 2 are 5. loop. The χ M ·T values from 300 to 2 K and the shape of these curves for both complexes discard the existence of a high-spin/low-spin transition in spite of the spin crossover phenomenon is very usual in iron(III) complexes [69] [70] [71] . However, the decrease at very low temperature can be attributed to an anisotropic distortion of the iron(III) environment, which results in a small zero-field splitting of the ground state [72] . The plot of 1/χ M versus T for 1 and 2 complexes ( Figure   S3 and S4, supplementary material) reveals that the complexes exhibit, basically, a Curie behavior, which confirms the absence of significant cooperative phenomena in both complexes.
The magnetic moment value of 2 at room temperature is in the experimental range for d 5 high spin complexes [73] . Thus, the magnetic data can be fitted using the equation 1, which considers the magnetic susceptibility of a high-spin iron(III) (S = 5/2) ion in an axially distorted octahedral environment.
In Eq. .
The D values are of the same order of other high-spin iron(III) complexes [74, 75] and the agreement factor defined as:
indicates a good agreement between experimental and calculated data.
However, as stated above, the magnetic moment at room temperature for 1 is lower than the expected for a S = 5/2 spin complex. In addition, the decrease of χ M ·T with temperature is more pronounced than the expected for a complex with a small zero-field splitting. The existence of an intermediate spin state, or a quantum spin admixture between high and intermediate spin states, can be discarded taking into account the stereochemical environment of the iron centre [76] . The magnetic behavior of 1 might be explained by the existence of a physical mixture of S = 5/2 and S = 1/2 spins and the presence of zero-field splitting in the S = 5/2 species (Eq. 2).
The first term corresponds to the contribution to the magnetic susceptibility of a high-spin iron(III) (S = 5/2) ion in an axially distorted octahedral environment; the second term corresponds to a low-spin iron(III) complex (S = 1/2) and ρ represents the fraction of the lowspin complex in the mixture. To avoid over-parametrization g 1 and g 2 were fixed (g 1 = g 2 = 2).
The parameters obtained in the best fit were D = 9.25 cm .
The D values are of the same order of other high-spin iron(III) complexes [73, 74] . As a consequence, these fits are in accordance with a physical mixture for 1 of 77% of the high-spin complex and a 23% of the low-spin species, and for 2 of 93% of the high-spin complex and a 7% of the low-spin species. This model explains well the magnetic data of 1.
However, the coexistence of two magnetic species with the same nature but different spin configuration along the whole range of temperature and the lack of spin transition seems to be unlikely, unless there is a mechanism that prevents the transition to occur. A possible explanation could be the coexistence of two complexes in the bulk material: one of them containing the Schiff base coordinated in the zwitterionic form (about 77%, high spin) and the other having the Schiff base in the (deprotonated) non-zwittwerionic form (about 23%, low spin). Although a mixture of both non-zwitterionic and zwitterionic forms has been found spectroscopically for sodiated arginine [77] , the presence of both forms in the solid state is difficult to demonstrate by X-ray diffraction. However, it has been demonstrated that even two identical species can crystallized with two different spin configurations due to residual interactions in the solid state
[78].
Hirshfeld surface analysis
The Hirshfeld surfaces mapped with d norm for the complexes 1 and 2 are illustrated in The variable temperature magnetic susceptibility data of 2 was fitted to the appropriate equation and the best fit zero-field splitting parameter is of the same order of other high-spin iron(III) complexes. However, the magnetic moment at room temperature for 1 is lower than the expected for a high-spin iron(III) complex. The decrease of χ M T with temperature is also more pronounced than that expected for a complex with a small zero-field splitting.
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